Background--Frailty predicts poorer outcomes and decreased anticoagulation use in patients with nonvalvular atrial fibrillation. We sought to assess the effectiveness and safety of apixaban, dabigatran and rivaroxaban versus warfarin in frail nonvalvular atrial fibrillation patients.
W hile a standardized definition has yet to be agreed upon by experts, frailty has been described as a clinical syndrome associated with a patient's decreased ability to recover from a stressor event because of decline in multiple physiological systems, ultimately resulting in poorer health outcomes. 1, 2 It has been posited that frailty is the product of aging, interaction between multiple acute and chronic disease states, and patients' genetic predisposition. 2 Nonvalvular atrial fibrillation (NVAF) is commonly associated with both advanced age (%70% of NVAF patients are 65 to 85 years old and 10% are >80 years) 3 and multiple concomitant acute and chronic health conditions. For this reason, it is estimated NVAF patients have as high as a 4-fold increased odds of being classified as frail compared with non-NVAF patients. 1 Despite being at an increased risk of thromboembolic events because of NVAF, frail patients appear less likely to receive adequate oral anticoagulation (OAC) compared with non-frail patients. [4] [5] [6] Some clinicians have advocated for the use of certain OACs, or doses of OAC, based on advanced age and/or the presence of various comorbid disease states (eg, >75 years old, renal impairment, prior history of bleeding), but not based on a comprehensive definition of frailty. 7 There is a paucity of data evaluating the direct-acting oral anticoagulants (DOACs) to warfarin in frail NVAF patients (particularly studies using a validated and comprehensive frailty definition). Therefore, we sought to assess the effectiveness and safety of apixaban, dabigatran, and rivaroxaban versus warfarin in frail NVAF patients treated in routine practice.
Methods
The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure. This study was designed in compliance with the RECORD (Reporting of studies Conducted using Observational Routinelycollected health Data) statement. 8 We performed a retrospective claims database analysis using US Truven MarketScan data from November 2011 to December 2016. MarketScan combines 2 separate databases, a commercial and a Medicare supplemental database, to cover all age groups; and as of March 2017, contains claims from 260 contributing employers, 40 health plans and government and public organizations representing %240 million lives. 9 Truven MarketScan captures enrollment records, demographics, International Classification of Diseases, Ninth-and Tenth-Revision (ICD-9 and ICD-10) diagnosis codes, procedure codes, admission and discharge dates, inpatient mortality data, outpatient medical services data and prescription dispensing records. All Truven MarketScan data are de-identified and are in compliance with the Health Insurance Portability and Accountability Act of 1996 to preserve participant anonymity and confidentiality. This study was determined to not constitute research involving human subjects according to 45 Code of Federal Regulations 46.102 (f), and therefore, deemed exempt from institutional review board oversight. We included patients who were OAC-na€ ıve during the 12 months before the day of the first qualifying OAC dispensing (index date), had ≥2 ICD-9 or -10 (427.31; I48) inpatient or outpatient diagnosis code in any position for atrial fibrillation (AF) without codes suggesting valvular disease and ≥12 months of continuous medical and prescription coverage before OAC initiation (baseline period). 10 Individuals were excluded if they had a history of venous thromboembolism or orthopedic arthroplasty, were pregnant, had a transient cause of NVAF, or were prescribed >1 OAC. Frail patients were identified using the Johns Hopkins Claims-based Frailty Indicator scoring algorithm. 11 This algorithm weights 21 criteria identifiable in claims data, including demographics, physical and cognitive dysfunction, and the Charlson comorbidity index (Table 1) to identify patients meeting the Fried's Frailty Phenotype. 12 A score of ≥0.20 using the Johns Hopkins Claims-based Frailty Indicator has been shown to be able to accurately identify a population of frail patients (area-under-the-curve=0.75; specificity=91%).
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Propensity-scores were calculated using multivariable logistic regression incorporating frequently used variables and potential risk factors for differential OAC exposure, including patient demographics, comorbidities, components of the CHA 2 DS 2 -VASc and modified HAS-BLED risk stratification scores and concomitant non-OAC medications assessed during the 12-month baseline period. 13 Variables included in the development of the propensity-score are provided in Table 2 . 
Clinical Perspective
What Is New?
• At 2-years follow-up, apixaban and dabigatran were not associated with a significant hazard reduction in stroke or systemic embolism or ischemic stroke versus warfarin in frail nonvalvular atrial fibrillation patients.
• Rivaroxaban reduced the hazard of developing stroke or systemic embolism and ischemic stroke versus warfarin by 32% and 31%, respectively.
• No significant differences were observed between the direct-acting oral anticoagulants and warfarin in rates of major bleeding at 2 years.
What Are the Clinical Implications?
• Our study results suggest direct-acting oral anticoagulants are reasonable alternatives to warfarin for stroke prevention in frail patients with nonvalvular atrial fibrillation managed in routine practice. Each eligible apixaban, dabigatran, and rivaroxaban user was separately 1:1 propensity-score matched, using greedy nearest-neighbor matching without replacement and a caliper=1%, to a warfarin user (with an initiation date within 90 days of the DOAC patient) to minimize the presence of baseline differences between cohorts. Residual differences in characteristics between matched cohorts were assessed by calculating absolute standardized differences (<0.1 considered well-balanced). 13 The primary effectiveness outcome for this study was stroke or systemic embolism (SSE) including ischemic stroke (ICD-10=I63; I64.9), hemorrhagic stroke (ICD-10=I60-I62), or systemic embolism (ICD-10=I74).
14 The occurrence of SSE during the observation period was determined by the presence of an appropriate inpatient discharge diagnosis code in the primary position. Major bleeding was our primary safety outcome and was determined using the validated Cunningham algorithm for detection of bleeding-related hospitalizations. 15 Patients were followed for a maximum of 2 years or until the occurrence of a thrombotic or major bleeding outcome, insurance disenrollment or end of study follow-up (intention-to-treat analysis). Baseline patient characteristics were analyzed using descriptive statistics. Categorical data are reported as proportions; while continuous data were reported as medians with interquartile ranges (IQRs). The rates of end points were reported as events per 100 patient-years (PYs). Cox proportional hazards regression was performed on matched cohorts and results reported as hazard ratios (HRs) and 95% confidence intervals (CIs). Because all baseline covariates for patients included in each DOAC versus warfarin analysis were balanced after propensity-score matching, regression only included OAC initiated as a covariate. The proportional hazards assumption was checked using statistical tests and graphical diagnostics based on Schoenfeld residuals and was found to be met for all outcomes. Statistical analyses were performed using PROC PHREG in SAS version 9.4 (SAS Inc., Cary, NC) and a P<0.05 was considered significant in all cases.
Results
In total, 2700, 2784, and 5270 patients were included in the apixaban, dabigatran, and rivaroxaban propensity-score matched analyses to warfarin (Figure) . Median (IQR) follow up was 0.9 (0.4, 1.6), 1.8 (0.8, 2.0) and 1.4 (0.7, 2.0) years. Median CHA 2 Ds 2 -VASc and modified HAS-BLED scores were 4 (4, 5) and 2 (2, 3) in each individual DOAC versus warfarin analysis. For each DOAC versus warfarin comparison, residual absolute standardized differences ≤0.07 were achieved for all covariates after propensity-score matching. Table 3 depicts end point event rates at 1-and 2-years of follow-up. At 1 year, no DOAC was associated with a significantly lower risk of SSE or ischemic stroke alone versus warfarin. Apixaban was associated with a reduced hazard of major bleeding by 39% versus warfarin; while both dabigatran and rivaroxaban were associated with similar major bleeding rates as warfarin but significantly lower rates of intracranial hemorrhage (HRs=0.18 and 0.37, respectively).
At 2 years, neither apixaban nor dabigatran were associated with differences in the hazard of SSE (HR=0. 
Discussion
This study in the US MarketScan administrative claims databases evaluated NVAF patients with frailty, identified by the Johns Hopkins Claims-based Frailty Indicator. 11 Our analysis demonstrated that apixaban, dabigatran and rivaroxaban were associated with non-significantly reduced hazards of developing SSE or ischemic stroke at 1 year compared with warfarin. Apixaban significantly reduced patients' hazard of major bleeding at 1 year versus warfarin. Dabigatran-and rivaroxaban-treated patients experienced similar rates of major bleeding, as well as, a significant reduction in intracranial hemorrhage compared with warfarin at 1 year of follow-up. At 2 years, apixaban and dabigatran were not associated with a significant hazard reduction in SSE or ischemic stroke versus warfarin. Rivaroxaban, however, significantly reduced the hazard of developing SSE and ischemic stroke versus warfarin by 32% and 31%, respectively. No significant differences were observed between any DOAC and warfarin in rates of major bleeding or in any major bleeding subtype including hemorrhagic stroke, intracranial hemorrhage and gastrointestinal bleeding at 2 years in this frail population. Frailty is a clinical state of vulnerability caused by an agerelated decline in the body's physiological systems' ability to respond to stressor events. 16 Frailty definitions in broad patient populations have included age, nutritional deficits, decreased mobility, social withdrawal, low income, number of prior hospitalizations and cognitive impairment; 4 and more recently, anticoagulation trials have defined frailty as the presence of >75 years old, creatinine clearance <50 mL/min or body weight <50 kg. 17 However, the 2 most commonly accepted approaches to defining frailty are the Frailty Index 18 and the Frailty Phenotype. 12 The Frailty Index defines frailty as a syndrome that arises as a result of the accumulation of health deficits. 16 The Frailty Index is derived using a prespecified list of health conditions to calculate a ratio to quantify the level of frailty. 16 The Frailty Index offers a precise measurement of frailty, but the level of information required for calculation make it complicated to utilize in clinical situations. The Frailty Phenotype developed by Fried et al 12 identifies frailty by the presence of ≥3 of the following components: unintentional weight loss of 10 pounds in the past year, self-reported exhaustion, weakness as measured with grip strength, slow walking speed and low physical activity (patients can be consider pre-frail if 1 or 2 criteria are met, and are considered non-frail if none of the criteria are met). 10 Fried's Frailty Phenotype 12 has shown to have the ability to predict poor health outcomes including incident of falls, worsening mobility, hospitalization, and death. Moreover, it has been extensively validated. 19 The Frailty Phenotype is the most commonly used tool for assessing frailty and was the reference standard used by Segal and colleagues to develop the Johns Hopkins Claims-based Frailty Indicator utilized in the present study.
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Frail patients with NVAF are less likely to receive anticoagulation than non-frail patients. [4] [5] [6] Perera and colleagues 4 demonstrated frailty, identified using the Edmonton Frail Scale, was among the strongest predictors of As a retrospective analysis of claims data, this study has limitations worthy of discussion. First, both misclassification (measurement error) and selection bias (selection of patients in a nonrandomized fashion) are always important limitations in claims database studies and may impact a study's internal validity. 23 Second, we used US claims data (both commercial and Medicare Advantage), and therefore, our results are most generalizable (externally valid) to a US population. 9 Third, because the 110 mg twice daily dose of dabigatran is not approved in the United States (only a 75 mg twice daily dose), we were not able to determine the effectiveness or safety of the 110 mg dose which is used in other countries. Fourth, although propensity score matching 13 can generate cohorts that are comparable in key characteristics, only those variables measured in MarketScan databases could be used for matching in this analysis. Therefore, regardless of the sophistication of the methodology and the number of variables used in developing propensity scores, residual confounding cannot be excluded. Fifth, we were only able to match %50% of DOAC users to warfarin users in our analysis. This is because of the small propensity score caliper (1%) we used. Using a small caliper makes it more difficult to match patients, but likely results in a higher quality of matching. Sixth, it is possible that some analyses were underpowered to detect differences between treatment cohorts because of our analysis' smaller sample size (at least compared with corresponding clinical trials), varying size of effect/event frequency observed and varying durations of follow-up across DOACs (because of the differential timing of DOAC approval in the United States, with apixaban being the last). Finally, the derivation paper for the Johns Hopkins Claimsbased Frailty Indicator provides data supporting a cut-off of 0.12 and 0.20 for identifying patients as frail. 11 While the 0.12 cut-off maximized both sensitivity and specificity (66% and 73%, respectively), we opted to use the more conservative 0.20 cut-off (sensitivity and specificity of 35% and 91%, respectively) as it was our desire to assure the most accurate identification of frail patients (where as a lower cut-off would more inclusively identify frail patients but at a higher chance of misclassification).
Conclusion
Our study found rivaroxaban but not apixaban or dabigatran to be associated with reduced SSE versus warfarin in frail NVAF patients at 2-years follow-up. No DOAC demonstrated a significant difference in bleeding versus warfarin. The relative effectiveness and safety of DOACs compared with warfarin appears maintained in frail NVAF patients treated in routine US clinical practice.
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